The morphologic modifications of colorectal lymphoid aggregates in response to intestinal diseases have been scarcely investigated. Even their frequency in healthy individuals is obscure, and, since the pioneeristic study of Dukes and Bussey, 1 a wide range of values has been reported. 2, 3 Although sporadic papers have described the lymphoid aggregate features in several large bowel diseases, 2,4-6 their pathogenic role in common colorectal diseases is largely unexplored. Nonetheless, a transmural distribution of lymphoid aggregates is considered a histological peculiarity of Crohn's disease, 7 and the clinical implementation of lymphoid aggregate analysis has been proposed, as they may be detected both on double-contrast barium enema 8 and on colonoscopy. 9 The aim of the present study was to compare the morphologic characteristics of lymphoid aggregates in the colon and the rectum of patients undergoing colonic resection for carcinoma, inflammatory bowel disease, or diverticular disease.
Materials and methods
A total of 77 consecutive patients undergoing colorectal resection were included in the study. Indication for surgery was: sporadic colorectal cancer in 41 subjects, diverticular disease in 27 subjects, ulcerative colitis in six subjects, and Crohn's disease in three subjects.
All patients with inflammatory bowel disease underwent surgery due to clinically and histologically severe disease involving the left colon for Crohn's disease, and the left colon and the rectum for ulcerative colitis. None of the cases showed an adequate response to medical therapy.
Surgical specimens were opened and washed with cold isotonic solution immediately after resection. Strips of normal-appearing mucosa and submucosa were dissected from the underlying muscularis propria according to a standard topographic scheme. The area of each strip was calculated and recorded.
Lymphoid aggregates were visualized using the method developed by Langman and Rowland, 3 modified as follows. The strips were immersed in a 2.5% acetic acid solution for 100 min and then they were fixed in 10% buffered formalin. Subsequently they were placed, luminal side up, on a glass slide and examined with a light microscope at Â 10 magnification by a single observer, who was blinded as to colorectal disease and colonic site. Lymphoid aggregates, visible as dark patches, were counted and their diameter measured using a micrometric optical device. In this phase, no strip was collected from colorectal segments actively involved by the inflammatory process, since architectural derangement hampered an adequate evaluation with the acetic acid staining method.
In order to validate the staining method described above, the entire measurement process was performed in 50 putative lymphoid aggregates which were microdissected with the overlying mucosa along with 50 comparable samples of normalappearing colorectal wall from the surrounding bowel tissue. Each specimen was stained with hematoxylin and eosin (H&E) and observed by a single pathologist unaware of the sample group.
One additional mucosal strip (2 cm Â 1 cm) of normal-appearing colon or rectum was obtained from each surgical specimen, and one further strip (2 cm Â 1 cm) was collected from each surgical specimen with diverticular or inflammatory bowel diseases in areas with macroscopical signs of inflammation. Each strip was fixed in 10% buffered formalin and paraffin embedded. Serial 2-mm sections were examined histologically after routine H&E staining. The following parameters were assessed: lymphoid aggregate density, and rate of aggregates with visible germinal centers, and rate of extramucosal or basal aggregates.
From the same tissue blocks, further 5-mm sections were obtained and stained with monoclonal mouse antibody against the intracytoplasmic epithope of CD20 protein (DakoCytomation, Glostrup, Denmark; dilution 1:100) to demonstrate B cells, and with monoclonal mouse antibody against the 20 kDa band corresponding to CD3 e (DakoCytomation dilution 1:40) to demonstrate T cells.
Cellular proliferation was evaluated using monoclonal mouse antibody against native Ki67 protein (MIB-1) (DakoCytomation dilution 1:50). The lymphocyte proliferation index was the rate of nuclear-positive cells on total cell number for each lymphoid aggregate.
Statistical Analysis
Normal distribution of the frequency and diameter of lymphoid aggregates was assessed using graphical methods and Shapiro-Wilk test. Data were logtrasformed when necessary for variance stabilizing. Original data are shown in tables for better comprehension. One-way analysis of variance with the Bonferroni adjustment was performed to measure difference of LA frequencies and diameters in patients with colorectal cancer, diverticular disease and inflammatory bowel disease, and among different tumor stages. The t-test was used to assess the difference of frequencies and diameters according to age, gender, tumor location (right vs left large bowel; colon vs rectum), and between neoplastic and diverticular sigmoid colon. The analysis of the histological and immunohistochemical variables (aggregates with germinal centers, basal aggregates, CD3-and CD20-positive aggregates, MIB-1 index) was carried out using the nonparametric tests of Mann-Whitney and Kruskal-Wallis, as their values' distribution was skewed. The level for statistical significance was set at a ¼ 0.05 and confidence intervals were determined at the 95% level. All analyses were performed using statistical software (Stata version 7.0 for Windows, Stata Corporation; College Station, TX, USA).
Results
The median age of patients was 68 years (range 41-91 years) in colorectal cancer group, 63 years (range 32-83 years) in diverticular disease group, and 49 years (range 22-73 years) in patients with inflammatory bowel disease.
The male-female ratio of subjects with colorectal cancer, diverticular disease, and inflammatory bowel disease was 1.4, 0.4, and 0.5, respectively.
Acetic Acid Staining
A total of 438 mucosa and submucosa strips were collected and stained with acetic acid for a total area of 5249.3 cm 2 . The results of the subsequent lymphoid aggregate count and diameter measurement are summarized in Table 1 .
As stated previously, assessments with acetic acid staining were performed on normal-appearing mucosa only. The method was validated by confirming histologically the presence of an aggregate in 49 out of the 50 dark patches microdissected. Among the 50 control samples, none contained a lymphoid aggregate.
The mean frequency of lymphoid aggregates did not vary according to patient age or gender.
The lymphoid aggregate frequency ( Figure 1 ) varied significantly among the four disease groups, being higher in the mucosa of patients with colorectal cancer or diverticular disease than in the mucosa of patients with ulcerative colitis or with Crohn's disease (Po0.001). No significant difference of density was found by comparing colorectal cancer group with diverticular disease, and Crohn's disease group with ulcerative colitis group.
Neither the difference between lymphoid aggregate frequencies in the right and in the left colon-rectum, nor the difference between frequencies in the colon and in the rectum were statistically significant. Site analysis was conducted in specimens from colorectal cancer patients only, given the small sample size in the other disease groups.
Lymphoid aggregate diameter ( Figure 2 ) was smaller in patients with diverticular disease than in those with carcinoma and those with ulcerative colitis or Crohn's disease (Po0.001). No difference was found by comparing the colorectal cancer group, the Crohn's disease group and the ulcerative colitis group.
Among patients with colorectal cancer, neither the difference between lymphoid aggregate diameter in the right colon and in the left colon and rectum, nor the difference between aggregate diameter in the colon and in the rectum were statistically significant.
The mean diameter did not vary according to patient gender; the diameter in patients aged under 65 years (median) (7907210 mm) was larger than that in patients over 65 years (6907160 mm) (P ¼ 0.03).
Histology and Immunohistochemistry
A total of 111 colorectal specimens (total area 222 cm 2 ) were collected for histology and immunohistochemistry. The results of the related assessments are schematized in Table 2 .
Comparison of lymphoid aggregate densities obtained histologically with those obtained with acetic acid staining showed no significant difference between the two methods.
In normal-appearing specimens, the density varied significantly among the four disease groups, again being higher in the mucosa of patients with colorectal cancer or diverticular disease than in the mucosa of patients with ulcerative colitis or with Crohn's disease (P ¼ 0.001). In actively affected specimens, the lymphoid aggregate density of patients with ulcerative colitis or with Crohn's disease was significantly higher than that of patients with diverticular disease (P ¼ 0.002).
Lymphoid aggregate densities in actively affected specimens were higher than those of normalappearing counterparts in patients with diverticular disease (Po0.0001), with ulcerative colitis (P ¼ 0.004), and with Crohn's disease (P ¼ 0.04). 
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The proportion of aggregates with germinal center in normal-appearing specimens was similar among the four disease groups, while in actively affected colorectal samples it was higher in ulcerative colitis and diverticular disease than in Crohn's disease (P ¼ 0.002). The proportion of aggregates with germinal center in actively affected specimens was lower than those of normal-appearing counterparts in patients with diverticular disease (Po0.0001), while no significant difference was found in patients with ulcerative colitis, or with Crohn's disease.
The proportion of basal lymphoid aggregates in normal-appearing specimens was similar among the four disease groups, while in actively affected colorectal samples it was higher in Crohn's disease and in ulcerative colitis than in diverticular disease (Po0.0001). The proportion of basal aggregates in actively affected specimens was higher than those of normal-appearing counterparts in patients with ulcerative colitis (P ¼ 0.008), and with Crohn's disease (P ¼ 0.04), while no significant difference in patients with diverticular disease.
Neither among the four disease groups nor between actively affected and uninvolved specimens, there was any difference in lymphocyte distribution. Predominantly B cells were concentrated in the central area of the aggregate whereas the T cells constituted the peripheral shell. B lymphocyte were not found in up to 9.2% of lymphoid aggregates possibly reflecting sampling defects.
Neither among the four disease groups nor between actively affected and uninvolved specimens, there was any difference in lymphocyte proliferation index assessed by MIB-1 activity.
Discussion
The little available information on morphological characteristics of colorectal lymphoid aggregates is dated and controversial.
A major drawback of previous studies is the employment of different methods to conduct lymphoid aggregate assessment. [1] [2] [3] [4] The comparable density obtained with acetic acid staining and with H&E histology in our study suggest that the latter method is reliable, reproducible, and permits to evaluate the lymphoid aggregate density as well as additional parameters in conditions of active inflammation also. A wide range of 'normal' densities (from 3 to 25 aggregates/cm 2 ) has been obtained in necropsy specimens, [1] [2] [3] whereas the data on 'normal' diameter are scarce, being limited to an approximate range between 0.5 and 2 mm.
2,3 The reliability of both figures remains debatable since they are obtained in a limited number of cases and using different methods. No definite new information is added to this issue by our study since all specimens were collected from living patients with colorectal diseases. The mean density found in the unaffected bowel of patients with colorectal cancer or diverticular disease, using two assessment methods, however, may conceivably reflect the mean lymphoid aggregate density of healthy individuals. Accordingly, it should range from 2.1 to 2.7 aggregates/cm 2 . The involvement of lymphoid aggregates in colorectal carcinogenesis is debated. Data from both rodents and humans have shown a coincidence of colorectal neoplasms with aggregate location. [10] [11] [12] [13] [14] [15] Moreover, increased lymphoid aggregate densities in patients with colorectal carcinoma have been reported by morphologic 2 and radiographic studies. 8 Discussing the potential role of lymphoid aggregates on colorectal carcinogenesis is beyond the limit of the present study. However, we did not find any evidence of increased aggregate density in colorectal cancer group, and our data indicate that a casual proximity of adenomas or carcinomas with lymphoid aggregates is likely (1 cm sessile lesion lies on an average of 2.7 aggregates).
In diverticular disease, mean aggregate density has been reported to range between 5.8 aggregates/ cm 24 and 21 aggregates/cm 2 .
2 Unfortunately, none of the available studies did disclose whether tissue sampling was performed close to inflamed diverticula or far from them. By comparing both conditions, our study shows that active diverticular inflammation results in a double-fold increase of lymphoid aggregate density. Diverticulitis-induced A number of studies have investigated the role of circulating and mucosal immune cells in the pathogenesis and evolution of inflammatory bowel diseases. Data on morphologic features of lymphoid aggregates are, however, scarce and limited to the actively inflamed colorectum.
In the actively involved specimens of patients with ulcerative colitis or Crohn's disease, our data confirmed the previously noted modifications of lymphoid aggregate system. 7, 16, 17 The increase of density in active inflammatory bowel diseases exceeds by two to four folds the aggregate proliferation seen close to inflamed diverticula. Moreover, most of aggregates in Crohn's disease and a substantial part of them in ulcerative colitis is positioned deeply in the submucosa or even transmurally. Hence, the rearrangement of lymphoid aggregate system in active inflammatory bowel diseases differs widely from the simple subepithelial aggregate proliferation seen in diverticular disease. In order to evaluate the role of this anomalous response in the pathogenesis of inflammatory bowel diseases, we believe, however, it is crucial to verify any derangement of the lymphoid aggregate system eventually pre-existing in the uninvolved colorectal mucosa.
The uninvolved mucosa in Crohn's disease and ulcerative colitis received little attention in the past, being considered normal macroscopically and microscopically. 18 We have compared the lymphoid aggregate characteristics in normalappearing mucosa of patients with Crohn's disease or ulcerative colitis with those in normal-appearing specimens of patients with colorectal cancer or diverticulitis. A five-fold and a two-fold reduction of aggregate density have been found in Crohn's disease and in ulcerative colitis, respectively. Moreover, a marked increase of aggregate diameter was seen especially in Crohn's disease. On the other hand, the distribution of B and T lymphocytes was unaffected by the presence or absence of active disease involvement.
Previous studies have suggested that Peyer's patches may be involved in the pathogenesis of Crohn's disease. 19 We found that the lymphoid aggregate component of mucosa-associated lymphoid tissue is altered even in the uninvolved colorectal lining of inflammatory bowel diseases. Our finding supports a primary pathogenic involvement of the lymphoid aggregate system in Crohn's disease and in ulcerative colitis, since it suggests the presence of an altered mucosal substrate prone to extension or to relapse of the inflammatory disease.
